Probe light from a tunable 1550-nm DFB laser was coupled into whispering-gallery modes using the standard prism-coupling technique (Fig. l) , and then coupled out of the sphere by the grating. Figure 2a shows that light was depleted from the incident beam and entered the sphere when the laser's frequency hit a whispering mode resonance. Figure 2b shows that the in-coupled light was then out-coupled by the grating into a free space beam that hit the second detector. The beam from the grating had 80% of its power in a single lobe, was oriented at about 40 degrees to the surface, and had a FWHM divergence of 1 l degrees. From Fig.2 we derive that the grating is sufficient to load the cavity down to Q_QL-I 05 -106, with a maximum demonstrated coupling efficiency (ratio of grating output to total injected power in the mode) of 14%. Higher Q factors for a microsphere resonator with grating couplers can be obtained by simply reducing the grating strength. Efficiency of the coupling can be increased by optimizing the UV exposure, improving the grating profile, and minimizing the associated scattering losses. Parasitic coupling to Iow-Q higher-order modes inside the sphere can be avoided by using a smaller diameter sphere.
In conclusion, we have demonstrated a novel and flexible technique for coupling light between the whispering-gallery modes of a microsphere resonator and a free space beam.
